TWO DI MENSI ONAL CONTACT | MAGE SENSOR W TH BACKLI GHTI NG
Field of the Invention The present invention rel ates
w@emwensi4iy to i mage sensors and, in particul arPCT/au2008/001068
self-illum nating i mage sensor being able to be in
contacting with a surface to be scanned. Background A
nunber of applications exist where an image sensor is
used to scan a surface. In many such applications it
i s advant ageous for the imge sensor to be close to,

or i TWEPDIMENSYONALIENBACTAVAAGIPSERSOR' WITHBM KLIGHTING
sensors that are close to, or in contact with the

surFt eftgrgt i cally one-di nensional. The reason for
usi @53 hatvg si onal photodetector array in such

I mage serngi&erit snvb@ioalrélawy deieralsiofidsR sbi®oR@nd, in particular, to a
|IIum nated froma light squrce parallel to t he

phot IEHupaRripg Image g‘ysor%ﬁm%?ta%}o be dn enpfagting with a surface to be scanned.
t wo- di nensi onal inage of the surface, the surface and

t he photodetector array are noved relative to each

50t IBackgrépfl i cations al so exist where the surface is

coded using densely spaced dot patterns. The dots

pat t er nsA iyipbee af ipplieiondeisatvhdre asimage @asir i used torscatnheurface.

surface. e such a pattern uses _dots spaced
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r atcent&th withkhe safackmage sensor is needed with a

phot odet ect or . si ze of q@ m crons, ' m

resol ut i T &1 imaes Ses fhat Peflogedeior wpsacrvq*ﬁé Ut face are

10PatpRdallp oL BmbNRALITENS taRl folRnk 8RS dinRAforaNpdRRctector array in
speci fic case each pattern has an extent of 100 pixels

by SUTOMBEORENsSTs ing aflpi thowsiasp e lomiantodrom ﬁthgetfsovrﬁeparallel to
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be sensed, providing illumnation for the surface

beswifase andfhe phetidaigetyr %ﬁat’ pieandved refagvpgreahcaihear | t he
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probl ems W't Cussi
minimum sampling rate of two, an image sensor is needed with a photodetector size of 60

microns, or minimum resolution of 423 pixels per inch (ppi). The dot patterns are two-
dimensional patterns, and in one specific case each pattern has an extent of 100 pixels by
20 100 pixels.
As the two-dimensional extent of the image sensor increases to match that of the
pattern to be sensed, providing illumination for the surface becomes increasingly difficult.
In particular, the image sensor typically blocks light from reaching the surface underneath
the centre regions of the sensor. A typical solution is to space the sensor away from the
25  surface, but such a solution introduces further problems with regards to focussing the
Sensor.
A need thus exists for a two-dimensional image sensor which is as thin as
possible, which has a field of view sufficient to sense at least one full dot pattern, and is

self-illuminating,



sensor. A need thus exists for a two-di nensional inmage

sensor which is as thin as possible, which has a field
wo@kooghesamsuf ficient to sense at | east one ful | PADAU2008/001068

pattern, and is self-illumnating. Summary It is an

obj ect of the present invention to substantially

overcone, or at |east aneliorate, one or nore

di sadvant ages of existing arrangenents. According to a

first aspect of the present disclosure, there is

pr 8vin@d@gly an i mage sensor conprising: a silicon

substrate; an arra phot odetectors fornmed wt
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Salafheirhtt RO oﬁrﬁg’é tlsadvanth Ok oﬁéxlls‘%’i\‘ig AankéAtis. t 0 pass
through said substrate to a surface, wherein said

array ofAgRuingdes &bt epect pbihg picsantdisrlesered@ers dgprovided an image
s eklRGldoRpasiRd: 11ght fromsaid surface. According to a
second aspect” of the present disclosure, there is

pr ovi dechk alipoh sebgateensor conprising: an array of

phot Odeta%%}lg§ gfph%{&{et?ct(l)rhot n d;P\?Hﬁiﬁ ?ai@&p&)ﬂ%@tﬁjsxr&@ a%df' rst

side of sald array o ectors for emtt]
| i ght t hthewngh e@hccdthmuglagaldﬁﬁllqoh otbodlst fc plbivenalight atpass through
least q)&g %ajuﬁgace on a second side of said array of
ho% rs, erein said array of photodetectors

10| s arr arngle:cdmm smcblmagcof pliceddeectbis argranged|to dhitct fefloctioaasfdight from
sur f. According to yet another aspect of the
pré?@ﬁf %fscl osure, there is provided an i mage sensor
conpri si Agordaig tah k@ynddspehof theigtRet dichosaie, tBEE BGrovided an image

towards a first side of said array of
sensor comprising:
an array of photodetectors; and
15 a light source arranged on a first side of said array of photodetectors for emitting
light through said array of photodetectors and at least onto a surface on a second side of
said array of photodetectors,
wherein said array of photodetectors is arranged to detect reflections of light from
said surface.
20 According to yet another aspect of the present disclosure, there is provided an
image sensor comprising:
an array of photodetectors directed towards a first side of said array of
photodetectors;
one or more emitters directed towards said first side of said array of
25  photodetectors, said one or more emitters emitting light of a first wavelength when
illuminated by light of a second wavelength;
a light source for illuminating said one or more emitters, said light source emitting
light of said second wavelength; and
a filter for preventing light of said second wavelength from illuminating said
30  photodetectors.

Other aspects of the invention are also disclosed.



phot odet ectors; one or nore emtters directed towards

said first side of said array of photodetectors, said
W@a@Intsdmbre emtters emtting |ight of a firsPCT/AU2008/001068

wavel engt h when illum nated by |light of a second

wavel ength; a light source for illumnating said one

or nore emtters, said light spurce emtting |ight of

said second wavel ength; and a filter for preventing

light of said second wavel ength fromillum nating said

phot odet @]]ﬁfoﬁﬁlﬁj thihek saspefftier @bmpriitgianpRet foPdpadh@said array of
al so di osed. Optionally, the inage sensor further

comprtrdstsstyrslramsidivriees: spacing said array of
photodetectors fromsaid surface. Optionally, the

i mge sensor further conprising a diffuser on a first

side of Qrtiogallyr haymase spen e eeprsiseng awjiéisei o adirtisygpf said
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fuser internally, and g rom sa
dr fdffﬁsanntpraslbfesndtlrghblagrmgsfmrmsaédrbﬁmeap@ses threughdaid substrate to said
surface. Optionally, said channels have reflective
side walls. Optionally, the i mage sensor further
conpri sing an aperture and | ens associated with each

phot Odetgpgt{ogall %gc%&l%nnes ave regecglvc]; élge walfgf vi ew of each

phot odet pacer 'is an at | east
opartially opaque planar Iayer betmeen sald array of

phot odet ctor nd said s said at | eas

parti al | %%E’ © BraRary ;@‘é “R %{Wrﬁljlgfafl F%?”‘“f:?a?ﬂlﬂ\‘z%%ss‘mted

Cc Oﬁxﬁtﬁfeml’lﬂbﬂ@get&cﬁbriﬂai cdntedlanyetiesd $fatiewadflcashi phgtolidtgdadr. t hat

passed t hrough said channels to pass to said surface,

and second pat hways corresponding to said

phot odet @giosls;, {1 spadcr @ RBlcAst BdMtially QpRAS ?laﬁﬁr%ﬁeﬁ&i‘[\%en said
surface to said photodetectors. Optional t he i nmage

155 e AEBY OffpaPtprr‘érctO&ﬁr*&rsrlé Syog spidpd least rwllrap%rle planar layer having

as $13¢ bath @& s Wik RpSRind (didd dafels o andivi@ GilshiBat Lpb@&f through said
towards said array of photodetectors. 1n ano

as pencly epapste suhturiaps ant ScomdpriyrcsTeRoTde e siépdetectors
CORRMalISWME light to pass from said surface to said photodetectors.

20 Optionally, the image sensor further comprising a reflective layer associated with

said diffuser for directing light towards said array of photodetectors.

In another aspect the present invention provides an image sensor comprising:
an array of photodetectors; and
25 a light source arranged on a first side of said array of photodetectors for emitting
light through said array of photodetectors and at least onto a surface on a second side of
said array of photodetectors,
wherein said array of photodetectors is arranged to detect reflections of light from
said surface.

30



an array of photodetectors; and a |ight source
arranged on a first side of said array of
w@bwvotatect ors for emtting |ight through sai BCHAD2008/001068
of photodetectors and at | east onto a surface on a
second side of said array of photodetectors, wherein
said array of photodetectors is-arranged to detect
reflections of light fromsaid surface.- AQptionally,
the i mage sensor further conprising a spacer arranged

on the sesRAslysihdenak seRbuakd: wn@f511@m@p@eﬁatr@ﬁgdaroﬁ tifeQEcond
spaci n sald array of phqtodetectors froms

suridgebsaidagsiy gheho Ogﬂeteqt?fé for yeagne seif 8By 4¢f) @P?tﬂ%eﬁectors from said
CORQ@dcsi Ng a diffuser on said first side of said array
of photodetectors, wherein said |ight source is
associated with said diffuser to |ight said diffuser
| nt er nal htion ARGk inGhle sbiREMAR: B8 GifflisE:f HASEH first side of said
5passes t %gﬂg saﬁdg%?ray rhé@%1§%ébfoﬁs o HSSleésm
Opeirasnefl phytodatdseors, N@g@ln§élﬂé1®ht Sﬁw hewsodgapwitk jandydifpsertodight
co n r | [ £f:
£ r SEl et O G R ol T 1okl R G LA S Ui 58y of
Opthandettdciors. sai d array of photodetectors is
manuf actured froma silicon wafer and a bul k of said
silicon wafer forns said opague covers. Optionally,
losai d ar r@ptiondllypthotiroaie sesorinshdr sommisinapique edvefsrfonpraventing
Sil.i sai.d si]icon fer
cottsfRulufin B8 urbibt MyriBifagd wRer ¥ aeeopr om
said first S|de of said array of photodetectors.

Opt i onal ann | s have reflective s
Cptional¢é“mﬂ’ SW €m§%¥w@ﬂﬁﬂ%%?1%HW5ﬁlgmhbwgwnwm&rmm

aparbtlmroesmgih&om&f@mg kad shqid dRereach phot odet ect or
for controlling a field of view of each photodetector.

Bptionally, the image sensor further conprising a

spacer anptRR8B8 s arta) @ f IRASIRECSisdemMufR Rk Rl AM1iQh wafer and
phot odet ect or for spacing said array of photodetectors
f r 8fpkkaif spid silicon wafer comprises etched channels allowing light to pass from said first

side of said array of photodetectors.
20 Optionally, said channels have reflective side walls.

Optionally, the image sensor further comprising an aperture and lens associated

with each photodetector for controlling a field of view of each photodetector.

25 Optionally, the image sensor further comprising a spacer arranged on the second
side of said array of photodetector for spacing said array of photodetectors from said
surface, said spacer being an at least partially opaque planar layer having first pathways
corresponding to said channels for allowing light to pass from said first side to said
surface, and second pathways corresponding to said photodetectors for allowing light to

30  pass from said surface to said photodetectors.



surface, said spacer being an at |least partially
opaque planar |ayer having first pathways

weorpespondi ng to said channels for allow ng |PQAU2®S/001068
pass fromsaid first side to said surface, and second
pat hways correspondi ng to said photodetectors for
allowng light to pass fromsasd surface to said
phot odet ectors. Optionally, the imge sensor further
conprising a reflective |ayer associated with said

di f f userofthaldi me %ig&@eﬂsbﬂhﬁh& @Mﬁﬁr@ﬁlg%&éﬂjecﬁl‘fer 1a@r &ociated with
phot odet ect or s. i onal | sensor further

e
cofpf Fidfury: foreshrgfér,néhahtéw %ﬁsalﬂ afﬂ%@ Pé@%}r@ ar r anged
in association with said array of photodetectors, said
second array of photodetectors sensing scattered
phot ons; Orfieaallye tha émggs senaprn farthos gospsHgl s fr om sai d

sarray of, a@aﬁ% ﬁ%%ﬁet%@graﬂg&Qn arsgaérloﬁ Jlﬁlggrg%ﬂaﬁof

second array etectors Cptlona Y, one
or ph@@@te@rwsr ﬁaefr @card@nﬁh@@hloaéwmowmhngw@ered photons; and

phot odet rg&ﬁl? For altegﬂ% ﬁlﬁg fryrn sa?@arﬂa If hflo%de{e&o%rbra gglg& %é}lals

a | ayer between sa array etectors an
on@DUHMﬂmmwnénmnuémhmoﬁprwonalIy, the i mage sensor

f urt her 6@%%}13/2 sar1] ong 3 o7 R e%nttreltr%] terf?ea\ie %%al? Pﬂ&odeteetors

i ght of gcond wavel um na
losurface on said first side of sald array of
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sukfi@ail ondpt morakliters.t he | mage sensor further
conprising a transparent |ayer between said filters
for directing light fromsaid |light source to said one

or nore @EpichilB fhe ikdteis@R& fidther Sath lstrrga@ar@aa adr by Skenting
acts as a spacer f or SFaCIn sai array
T

15phél€%t&éﬁaé%%eerrsd Yoveleng from dlinpingtiag a@ﬂﬁca ﬂlararlcyﬁrstﬁr?@ of said array

I M@shorReR&Lrsf Urt her conprising opaque covers for
preventing light emitted fromsaid one or nore

em t t er sVHFdMaq drimyiohRltatgtlgteatars ds arapgad tefletect reflections of light from
phetigdgtect ors.

20 Optionally, the image sensor further comprising a transparent layer between said

filters for directing light from said light source to said one or more emitters.

Optionally, said transparent layer acts as a spacer for spacing said array of
photodetectors from said surface.
25
Optionally, the image sensor further comprising opaque covers for preventing
light emitted from said one or more emitters from illuminating said array of

photodetectors.

30 Optionally, said one or more emitters are printed on said filter and directed

towards said first side of said array of photodetectors.



Optionally, said one or nore emtters are printed on
said filter and directed towards said first side of

wga00d/osiey of photodetectors. Optional ly, |igheCDOAUS@BA01068

first wavelength is Infrared light, and light of said
second wavelength is Utraviolet light. Brief
Description of the Drawi ngs Ong- or nore enbodi nents of
the present invention will now be described with
reference to the drawings, in which: Fig. 1 shows a
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avi n

a
Vi SR b e
l'ight where the array of photodetectors is fabricated
in asilicon wafer; Fig. 3 shows a plan view of the

Si IBrfePDest@ihAbn Sfthi bea‘t,ly@; di nensi onal i nage sensor
shown in Fig. 2;

ack Ikﬁg Fig. 2 shows a cross-sectiona
H&ttonal i mge sensor having a back

4 shows a cross-sectional view
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sensor 200 shown'in Fig. 4. Detailed Description Were
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% %ﬂ ying drawi ngs to features which have the sane
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oUn lbgcskshéelg x{vhe?e tﬂ%} gﬁgyyof pﬂ#tg(igtect%ns 1??&189 @atesd i g FlﬂCOn wa%gows a
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phot odetectors 120, al so known as

rra
phgﬁ %gé%zor pi xel sensors, with each phot odetect or
120 pr OVF1§[I4I’I§B0V@S 5¢rgna;bctbaﬂ®téwm@nwanmwmum intge sensor having a

il l,um nation sensed by the photodetector 120. For ease
of M1

tA3%t i on the i mage sensor 100 shown incl udes
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skilled in the present art woul d understand that the
numeiile® Deftiptioslet ect ors 120

Where reference is made in any one or more of the accompanying drawings to
features which have the same reference numerals, those features have for the purposes of
this description the same function(s), unless the contrary intention appears.

Fig. 1 shows a cross-sectional view of a two-dimensional image sensor 100
having a back light. The image sensor 100 includes an array of photodetectors 120, also
known as photodiodes or pixel sensors, with each photodetector 120 providing a signal
based upon an amount of illumination sensed by the photodetector 120. For ease of
illustration the image sensor 100 shown includes only 2 columns of photodetectors 120,
but those skilled in the present art would understand that the number of photodetectors 120
included in the image sensor 100 is determined by its application.

The image sensor 100 is further provided with a spacer 150 arranged underneath
the array of photodetectors 120 for spacing the photodetectors 120 from an underlying
surface 110. In the preferred implementation the spacer 150 is a transparent layer.

The backlight of the image sensor 100 is provided by a diffusively transmissive
medium 130 attached above the array of photodetectors 120. The diffusively transmissive

medium 130 is lit by one or more Light Emitting Diodes (LEDs) 135 arranged along one or



included in the image sensor 100 is determned by its
application. The image sensor 100 is further provided
wawraboss4spacer 150 arranged underneat h t he arrBgT/aii2008/001068

phot odet ectors 120 for spacing the photodetectors 120
froman underlying surface 110. In the preferred

i npl enentation the spacer 150-7s a transparent |ayer.

The backlight of the i mage sensor 100 is provided by a

di ffusively transm ssive nedium 130 attached above the
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eﬁsbﬁ%%rfeﬁ{uf a]‘égp }%ng n?Ea%ﬁeq tﬁ? @F gq%ﬁt ce &%jﬁo aillrg gnly?esgonsél%e to
ph@gmdakﬁﬁﬂeyﬂ&&ﬂ&ﬁbﬁ@mmﬁkagloIIun1nated with |ight
emtted gretl¥%fromthe di ffusively transm ssive

medi um I frassrhgeivg?! VieHl 2 svort Brratiendl Bhage 16erdPk

on hlywﬁ@ﬁmmsghvahér@ the |aﬁ§\}t ofrpﬁt)tlo@&éc&ﬂs o i§ hasridand e 4 Mhaﬁ wafer.
surface 110. Fig cross-sectional view
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a silicon wafer. In this inplenentation the bulk 190

ofnﬁﬁﬁnﬁﬁﬁmﬁéwnmﬁﬁer acts as the caps 125 (Fig. 1),
shi el di nlg% tj‘s‘ﬁo@!‘@ﬁl%@%@ OF @ sitidh \If’c{fé}mf e 't@&din;elné“l&lam ﬁ’ﬁa%g sensor

directly Tromthe diffusively transm ssive nedium 1
Fi d01 doshaowsiga?- plearing lewigst 2 ade, diahnatoldOwed echedfhrquigh the

LSR8 LORGESCRSPe SO LB, o v
t htteugHertyire surface 110. In a preferred implementation the sidewalls of the etched
channels 180 are made reflective, allow the channels to partially act as light pipes.
Referring again to Figs. 1 and 2, light escaping from the diffusively transmissive
medium 130 passes past the photodetectors 120, passes through the transparent layer 150,
25 and onto the underlying surface 110. The underlying surface 110 has light absorbing
regions 111 and light reflective regions 112. The light absorbing regions 111 absorb light,
whereas the light reflective regions 112 reflect light illuminating that region. As the
underlying surface 110 slightly scatters light, one or more photodetectors 120 located
above light reflective regions 112 senses the illumination, and provide a corresponding
30 signal.
Since the distance from the photodetectors 120 to the underlying surface 110,

defined by the thickness of the transparent layer 150, is significantly larger than the area of



silicon wafer to allow light to pass fromthe
di ffusively transm ssive nedium 130 towards the
wapwenistisng surface 110. In a preferred inpl eneCl/AU2WMB/001068

the sidewalls of the etched channels 180 are nade

reflective, allow the channels to partially act as

light pipes. Referring again t®-Figs. 1 and 2, |ight

escaping fromthe diffusively transm ssive nedi um 130

passes past the photodetectors 120, passes through the
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phot ons, and the output signal of photodetector 120 is

altered?®a§%ﬁoﬁﬂdﬁmkﬁ@mgﬂﬁﬁﬁﬂﬂ@wﬁﬁgﬂ1@9wpﬁgwmg¥wh@mwkewhmg
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In yet anotfer 7 nplementa not 1l lustrated)
bl gerrbargposgechonio wic sedichgf th@frrmge lalagfav:eﬁror ofing p Injctad magkgps the
mspg&ﬁ% .150. The layer of silicon has both illum nation
ot odetector |ight channels etched through it.
Ref er ri nggtdohdivgs chs,< scch'@nfrieiesv @nr tpetlimeayignal image sensor 200

;lo F%Vlﬁ% R ?nt 511%1%‘[ ?mgl erg O %6 %15? hnc?uges? a1rne ATy ﬁv pblgg)getgc?orrs 220 for

ass f'rom
prov1d1ng s1gnals based upon an amount of illumination recelved by respective

photodetectors 220.

25 The front light of the image sensor 200 is provided by Ultraviolet-stimulated (UV-
stimulated) fluorescent (or phosphorescent) Infrared (IR) emitter 230. Emitter 230
operates by releasing IR illumination when the emitter 230 is illuminated with UV light.
Fig. 5 shows a plan view of the image sensor 200 shown in Fig. 4 illustrating the spatial
relationship of apertures in the emitter 230 for allowing light to pass to the photodetectors

30 220. Referring again to Fig. 5, the emitter 230 is arranged below the array of
photodetectors 220 and faces an underlying surface 210 through a UV integration layer



transm ssive nmedium 130 to the underlying surface 110,

as well as channels or pathways corresponding to the
webwvotatect ors 120 for allowing |ight to passPET/amaBe01068

underlying surface 110 to said photodetectors 120. In

yet another inplenentation (not illustrated), to avoid

the need for back etching to a$low backlighting, the

em ssion layer(s) and transparent anode of a

| arge-area IR OLED can be deposited onto the surface

of 2udy en@rm'v ﬁ@eg’kdﬁaﬁa ﬁy@r@ﬂﬁ it by 5hd @ noréBValED¥RS K addhgdBong one

cat hode. a cross-sectional view of a
wr@lpwﬁgqseﬁ@?%wér%@h@mr 2450 having a front Iight.

| mage sensmr filgd s bk R)V d@@té%@@e% tR Y ro??hoﬁfdetectors 220 and the UV
photodetectors 220 provi di ng SI8 based upon an

andiiegration layey %ﬂﬁ]twwe@hthﬁ ehapdpiegiop22 érgﬁlév@tng\ylélmmated by UV light
5P h %quﬁé @VtL@'D% 238 le -gh Q%lfj{/ er@flt rlaﬂ&{éh W@tinnttﬁ\ﬁ?UV rﬁﬁggeratlon layer 240.
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Refggflng again to Fig. 5 the emtter 230 is arranged
bedW t he array of photodetectors 220 and faces an

under | yimig eﬁhﬂefr a®Eab2drBs Uhrli(ghtg—'lli’ld amiMR Ighegr }&tein@ﬂt‘er 230 is provided
a 240. The WV inteqration 240 | it
o Y e eracssm e Eh SR W e Sideuo fsmalbeBfuminating

of ticBot¥etéoisreTroatihs@ad, Itmrhg%&nméd hé elhﬁtelrzsa Pasked tBrough the
provi ded between the arr phqt odet ectors 220 and

5t b @Wtegﬁflgtgl‘aﬁqr iz thrgggétrth@g@ertléV "g}t%rv?é%@nc{ tqwards the underlying

phefedebactors 220 frombeing illumnated by UV Iight
fromthe UV LEDs 235, as well as WV light refl ected
within the uwrlymgégrrf%?@ P &hhas 3§ &ghtabrbing sgiepd I and IR light

fi lréfﬁEtlv%Qgglé)n% 9] %3 O}y lféﬁgreﬁ&tédrb? IRQ%EU\Q' @ﬁ%’éﬁ's 2?21%{5?& @hr@tﬁgh uv
the UV integration layer ters

25ziltplr?é@ethtoughﬂml@bﬁratfqndme%d@aibrqugh UNeﬂltquﬁ Irngé gntattheo n
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or e ect
region 212 senses the IR illumination, and provide a corresponding signal.

The field of view of each photodetector 220 may be reduced by reducing the size
of the apertures provided in the emitter 230 and/or by increasing the distance from the
emitter layer to the photodetector layer, e.g. by increasing the thickness of UV filter 251

25 and/or the caps 231.

In the preferred implementation the IR emitter 230 is deposited directly onto the
Ist UV filter 251, for example by printing. More particularly, an IR-reflective (or IR-
absorptive) cap layer 231 is first deposited, followed by the IR emitter 230 itself.

Although described in terms of UV-IR fluorescence, the front light may use any

30  suitable IR fluorescence or phosphorescence.



integration [ayer 240. Reflectors 270 may al so be
provi ded at the edges of the UV integration |ayer 240

W@ 00PitHner prevent UV |ight from escapi ng t hePQWVAU2008/001068
integration |ayer 240. The emitter 230 absorbs WV
light and emts IRIight. The emtter 230 is provided
with a cap 23 1 for preventingol-R Iight emtted by the
emtter 230 fromdirectly illumnating the
phot odet ectors 220. Instead, the IR light emtted by

the em tiheh a@3fhtiPamsRmdnbkiongiind MR ed Mnkdd DE@ HRLIGWG UV filter 252
| ayer 24 througg the lower UV filter 252 and towards

0 I d
t hés asraerinyhah epse e padesly mg gurfepp 10 i arovided WEh S rigwiateds o

hagiybisdehtgBtphatpheRicRgIR BEi ons 211 and IR | ght
reflective regions 212. IR light reflected by IR

ref | ect i Ve foregivgndesaribos grav s opbedinghis eAthe preteat inpeggion, and
sth rrﬁ)ﬁﬂﬁat%s b8 IhAkbQn bewede tge‘]r'gtco) wll%ﬁllg H%ﬁ% o] h€ gcogéand

1 and onto the phofodetectors 220. C re
phepivtiefitecingmgoR 2@ cmbodiments bing/dludtRtivg agdmotrefiicdioe.i ve
region 212 senses the IR illum nation, and provide a

correspondi ng signal. The field of view of each

phot odet ect or 220 nmay be reduced by reducing the size
of the apertures provided in the emtter 230 and/ or by
i ncreasing the distance fromthe emtter layer to the
phot odet ector |ayer, e.g. by increasing the thickness
of UV filter 251 and/or the caps 23 1. In the
preferred inplenmentation the IR emtter 230 is
deposited directly onto the 1st UV filter 25 1, for
exanple by printing. Mre particularly, an
IR-reflective (or | Rabsorptive) cap layer 23 1 is
first deposited, followed by the IRemtter 230
itself. Although described in terns of UW-IR
fluorescence, the front |light nay use any suitable IR
fl uorescence or phosphorescence.ln an alternative

i mpl ementation of the i mage sensor 200, the | ower W
filter 252 is absent. In that case the underlying
surface 2 10 is provided with UV-stinul at ed
fluorescent (or phosphorescent) IR ink. The foregoing
descri bes only sonme enbodi ments of the present

i nvention, and



nodi fi cati ons and/ or changes can be nmade thereto
W t hout departing fromthe scope and spirit of the

wOo pwestidoh, the enmbodi nents being illustrati vePERAU2Z®B/001068
restrictive.We Claim 1. An inmage sensor conprising: a
silicon substrate; an array of photodetectors forned
within said silicon substrate;iland channel s et ched
through said silicon substrate for allowing light to
pass through said substrate to a surface, wherein said
array ofwplmdipgdet ectors is arranged to detect
reflections of light fromsaid surface. 2. The i nage
sensor according to claim1 further conprising a
spacer fpnM§@@%QQQM§a&gxgﬁ%ay of photodetectors from
said surface. 3. The inmage sensor according to claiml
further ToepFdsHYyesa di ffuser on a first side of said
array of i AL €S

Fassosi arsh oy PLEAG AN, (ARGl it L RO e
i nt er nal dhgnnelygtthed Grough wekdilingn fybowate foir dllaiing ighe fo pass through
Passg sk OGN, §i.d substrate to said surface. 4. The
i mage sensor according to claiml wherein said
channel swivasnesaikdrtagof photodsicdersweadrtagged3o deFve reiflatpes of light from
sensQr fggording to claim1 further conprising an
aperture and | ens associated with each phot odet ect or

1of or controlling a field of view of each photodetector.
6. The i e.sensor accordigﬁvto claim?2 wherein s%id :
spacer i IFeC P AR ACRA IS lYlam d %ﬁécod?péﬁ% PRy EIOT spacing
betkyig emaysaipiotadeataaiorofonpluid QdRécect ors and said surface,
said at |east partially opaque planar |ayer having
first pathways corresponding to said channels for

al | owi ng3_I7hg thadeR@tsomasst@iflg tohulam g sk SorsiRMoaldS k& on a first
ass to said surface, and second pat hways

p . ofelyle . . o

15¢ opide SpHUTTHY Ot RMOLAPEC pRaYiSERSt BLEhG FQITGeaY aseciagid ity said diffuser
1T @hfighk QuiP@Bas el [nRMaBR 4ld Bk @& g i8mS@idiffuser passes through said
phot odet ectors. 7. The image sensor according to clarm

3 pustHero eWipificsi ng a refl ective |ayer

4. The image sensor according to claim 1 wherein said channels have reflective

20  side walls.

5. The image sensor according to claim 1 further comprising an aperture and lens

associated with each photodetector for controlling a field of view of each photodetector.

25 6. The image sensor according to claim 2 wherein said spacer is an at least
partially opaque planar layer between said array of photodetectors and said surface, said at
least partially opaque planar layer having first pathways corresponding to said channels for
allowing light that passed through said channels to pass to said surface, and second
pathways corresponding to said photodetectors for allowing light to pass from said surface

30 to said photodetectors.



associated with said diffuser for directing Iight
towards said array of photodetectors. 8. An inmage

W@ 080ts4¢onpri sing: an array of phot odet ect or SPCEHAU2M@8/001068
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i ght source arranged on a first side of said array of
phot odetectors for emtting |ight through said array

of photodetectors and at | easti2ento a surface on a

second side of said array of photodetectors, wherein

said array of photodetectors is arranged to detect
reflectinnge Q{laglelsg{abr d‘cé&aﬁhgw &hl@grﬂlﬁﬁeco@mﬂ}@a réﬂw@@ layer
sensor accordlng cl further caonp g

spateriatgd Wil e léfﬁsef fos dg%ﬁ&l&% [(ES f%@rd@ﬁalé aw %f Ppefgdegietors.
phot odet ectors for spacing said array of

phot odetectors fromsaid surface. 10. The inmage sensor
accor di ny ATHMEERICRIOBCERTIHEr conprising a di ffuser on

said firgt ay of photodetectors,

wherein %g?%&gﬁ%%%dégﬁgggﬁgs associated with said

di f f usera light $qugsharrangiedonld fifstigdarofisgid erravadfiphotodatagtory fghemitting
| eqki | [

of "B ATaR Lo blot Rior AR5 frad WREUAUNAEL Ao Aebide of
cIaﬁduﬂ@uﬁmhmh@mxcmmprising opaque covers for

Plr f\ljre}]nf,]la%ll rr]eén %agcl d—?ag él?o‘ijodfe{egtnrlgtslsg él%{l delélzt% IR & tieilecql.faﬁs of light from
i mgeéswénsor according to cIa|n111 mhereln said array

of photodetectors is manufactured froma silicon wafer
and a bulk of said silicon wafer forns said opaque
covers. d3rhe Tlh@eismg@ws@mﬁg)fo iR Qrighithitg cdndpridin@ ia Rp&Ber arranged on

wherein sai.d arr hot odet e¢tors. i s .nmanuf act ur ed
fr & sacogﬁ File Bﬁa\féd%[ré}l Ogﬁ‘amﬂetfﬁﬁ‘rrk ?06 ppaging gpid f‘rlrarycog Hfl%&“ﬁ*éerctors

CoMp sRSugicehed channels allowing light to pass from
said first side of said array of photodetectors. 14.
The i mage sensor according to claim 13 wherein said

channel sjohaveThe image sensor according to claim 8 further comprising a diffuser on
said first side of said array of photodetectors, wherein said light source is associated with
said diffuser to light said diffuser internally, and light leaking from said diffuser passes
through said array of photodetectors.

11. The image sensor according to claim 10 further comprising opaque
covers for preventing light emitted from said diffuser from illuminating said array of

photodetectors.
12. The image sensor according to claim 11 wherein said array of
photodetectors is manufactured from a silicon wafer and a bulk of said silicon wafer forms

said opaque covers.

13. The image sensor according to claim & wherein said array of

30  photodetectors is manufactured from a silicon wafer and a bulk of said silicon wafer

comprises etched channels allowing light to pass from said first side of said array of

photodetectors.



reflective side walls. 15. The i mage sensor accordi ng
to claim8 further conprising an aperture and | ens
was®mooiated wth each photodetector for controPCT/AY2@8/001068
field of view of each photodetector. 16. The inage
sensor according to claim13 further conprising a
spacer arranged on the second igi-de of said array of
phot odet ect or for spacing said array of photodetectors
fromsaid surface, said spacer being an at | east
partial |y opaque planar |ayer having first pathways
correspondi ng to. said channels for allowng light to
pass frofh sai dh¢ inege segfq accoplingdp glainy ¥ wheein a%@jg@é%ﬂawe
patieys skRWaaspondi ng to said photodetectors for
allowing light to pass fromsaid surface to said
phot odet ectors. 17. The inmage sensor according to
claim 10, urt : | Sl [ o
“aseoct at o wi th BARGRANF PR ELhEF Lol EKBrispy anaporure
t owed kiss asgicited withyeadf phpledtiotiatiecordlinglgicldipfe idwefpech
segﬁ&gk@%%grding to claim8 further conprising: a
second array of photodetectors arranged in association
with said array of photodetectors, said second array
of phot odet ectprs_sensi ng. scattered tons; and nmeans
For "ol offi ng- SRS TEE WSl Chhll PR ShaBinefare:
10baaaghgap onths kgnad Sdef af eail sy f praodectcar fomypading said array of
phoBon ectq;s. . . . .
photodetectors from said surface, said spacer being an at least partially opaque planar layer
having first pathways corresponding to said channels for allowing light to pass from said
first side to said surface, and second pathways corresponding to said photodetectors for
allowing light to pass from said surface to said photodetectors.

15
17. The image sensor according to claim 10 further comprising a reflective

layer associated with said diffuser for directing light towards said array of photodetectors.

18. The image sensor according to claim § further comprising:
20 a second array of photodetectors arranged in association with said array of
photodetectors, said second array of photodetectors sensing scattered photons; and
means for altering signals from said array of photodetectors based upon signals

from said second array of photodetectors.



